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Wastewater from the leather finishing step in tanneries contains high nutrient loads and toxic com-
pounds, such as dyes, acids, toxic metals among others. To our best knowledge, for the first time, the
influence of light period on the treatment of wet-end and finishing leather wastewaters with a micro-
algae consortium containing mainly Tetraselmis sp. was investigated. In this work, a microalgae con-
sortium present the ability to grow well in this kind of tannery wastewater and was used for reducing
nitrogen, phosphorus, ammonium, chemical and biochemical oxygen demands. Additionally, the
wastewater presents high turbidity, which has an influence on the penetration of light, during the
cultivations. Therefore, the influence of the illumination period was also studied: continuous light (24-
light), 12 h light/dark (12-light) and without light (0-light); in addition to the influence of composi-
tions, 50% and 75% of raw wastewater. The maximum concentration of biomass in the wastewater was
observed in the 24-light culture: 50R50S (1.40 gL-1) and 75R25S (1.04 gL-1), with maximum removals of
total nitrogen (71.74%), total phosphorus (97.64%), total organic carbon (31.35%), chemical oxygen de-
mand (56.70%), biological oxygen demand (20.68%) and ammonium (100%). These results show that this
microalgae consortium is a promising alternative treatment for wastewaters of the leather wet-end and
finishing steps.
© 2020 Elsevier Ltd. All rights reserved.1. Introduction
The leather processing industry generates enormous amounts of
wastewater that are typically characterized by high organic load,
chemical oxygen demand (COD), biochemical oxygen demand
(BOD), total organic carbon (TOC), dissolved organic carbon (DOC),
high suspended solids, organic nitrogen and ammonia, washing
water durability, high salinity (total dissolved levels) (Sawalha
et al., 2019; Tamersit et al., 2018). Therefore, this effluent is highly
toxic, posing a risk to human, animal and plant health if improperly
disposed in the environment.
The pollution loads of tannery effluent vary widely and dependand Environmental Studies
Pena), agustini@enq.ufrgs.br
eiler), mariliz@enq.ufrgs.bron the raw materials and chemicals used, as well as the leather
processing steps. The processing steps of the transformation of hide
into leather are divided into three main stages as it follows
(Puchana-Rosero et al., 2018):
A. Beamhouse stage: salt shake-off to pickling steps. Chemical
processes are carried out in drumswith water addition. Mechanical
operations are also performed;
B. Tanning stage: carried out in drum with water addition and
tanning agent;
C. Finishing stage: wet-end processing in drums, followed by
drying, pre-finishing and final finishing treatments on the leather
surface.
The finishing stage is carried out to give the leather the esthetic
characteristics such as soft, color, and shine. Large amounts of
water and a variety of chemicals in the wet-end steps performed in
drums or by the application of coating products on the leather
surface during the finishing (Tamilselvi et al., 2019). Table 1 brings a
description and the chemicals added in wet-end and finishing. The
Table 1
Wet-end and leather finishing steps.
Process Steps Purpose Chemicals (added in water medium) References
Wet-end Acid washing and
deacidification
Mild acid washing to remove remains of
chrome from the surface (chrome that was not
completely linked to the collagen fibers during
the tanning).






(Gomes et al., 2016; Sathish et
al., 2019)
Retanning Treatment to obtain physical-mechanical,
texture characteristics and desired properties of
the leather through the use of retanning
substances
 chrome, aluminum and zirconium salts
 vegetable tannins
 synthetic tanning materials (syntans),
polymers (resins) and other retanning
possibilities
(Benvenuti et al., 2018; Duan et
al., 2019)
Dyeing To impart sensory characteristics of the final
product, such as color shade and intensity, color
penetration inside the leather, color uniformity,
chemical and physical fastness
 dyestuffs (mainly acid and azo dyes);
 dyeing auxiliaries that are leveling;
 penetrating agents
(Fuck et al., 2018; Ortiz-
Monsalve et al., 2019)
Fatliquoring The leather fibers are lubricatedwith oils to give
softness to the leather and to prevent the fiber
structure resticking during drying
 Sulfated anionic fatliquors
 sulfited anionic oils
 synthetic fatliquors
 self-emulsifying synthetic raw oil
 lecithins
 phosphated fatliquors
 surface active agents (emulsifiers)
 formic acid
(Onem, 2018; Sun et al., 2018)
Finishing Leather coating Surface treatments to figure to the leather the
visual and definitive aspects: application of
covering, form-film products and top layers
 Polymers: mainly polyurethanes and
polyacrilates
 Other polymers like casein, vinyl,
polybutadiene, nitrocellulose, acetobutyrate,
and hybrid resins
 Pigments, crosslinking agents solvents,
diluents, auxiliary products (penetrators,
thickeners, matting, hyrophobic, and touch
agents)
(Han et al., 2019; Lai et al.,
2017; Winter et al., 2018)
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variable and depends on many factors related to the characteristics
and quality requirements of the final finished leather for the trade
market and its specifications (Gutterres et al., 2015; Mella et al.,
2019). The wastewater from the leather industry is usually sub-
jected to mechanical (Romero-Dondiz et al., 2016), physical-
chemical (Kuppusamy et al., 2017) and biological treatments
(Ortiz-Monsalve et al., 2019). However, wastewaters from the fin-
ishing stage are difficult to treat by conventional methods because
of the presence of recalcitrant chemicals, such as syntans, resins,
fatliquors, and dyes.
Although most of these chemicals are bonded in the leather, a
portion is discarded with the wastewater. Studies show that only
80% of the dyes (Zanoni and Yanamaka, 2016) and 60e70% chrome
(Sawalha et al., 2019) are fixed in the hides. The wastewaters
generated in the tanning step can be recycled (Aquim et al., 2019).
However, other wastewater streams must be adequately treated to
be discharged in water bodies without eutrophication risks and
water pollution.
Microalgaes were presented in several studies of wastewater
treatment as a viable alternative for the depletion of various nu-
trients (Ran et al., 2019), organic matter (Song et al., 2020) and
heavy metals (Urrutia et al., 2019). The microalgae cultivation has
recently been applied in the treatment of municipal (Aketo et al.,
2020), industrial (Nayak and Ghosh, 2019), agricultural (Khalid
et al., 2019) and livestock wastewater (Li et al., 2020). However,
tannery wastewater treatment conducted with microalgae is still
limited. The high chemical load, turbidity and salinity in the raw
tannery wastewater restricts the growth of microalgae (Saranya
and Shanthakumar, 2019). Therefore, some applications of micro-
algae in tannery wastewater were carried out with pre-treated
wastewater (Saranya and Shanthakumar, 2020), diluted (Fontouraet al., 2017) or added culture medium (Sundaramoorthy et al.,
2016).
Some researchers used the wastewater generated in complete
leather processing. Ajayan et al. (2015) studied the cultivation of
microalgae Scenedesmus sp. for 12 days in tannery wastewater (10%,
25%, 50%, 75%, and 100%) with continuous illumination 4000 lux.
The removal of chromium, copper, lead, and zinc was investigated.
Maximum cell growth of 1180  104 cells/mL was observed in 50%
tannery wastewater at 8th day with the removal of toxic metals
above 70%. Another study using microalgae Scenedesmus sp. and
three different dilutions of wastewater from complete leather
manufacturing (20%, 50%, and 100%) assess the removal of hex-
avalent chromium, nutrients (nitrites, nitrates, phosphates and
sulfates), and BOD. The microalgae growth was proportional to
effluent concentration with higher growth in the effluent without
dilution and removal of chrome (>98%), nitrates (>90%) and
phosphates (>99%) and BOD (>88%) (Ballen-Segura et al., 2016).
Fontoura et al. (2017) also applied the microalgae Scenedesmus sp.
in the treatment of raw wastewater from the beamhouse stage of a
the leather industry. Different concentrations of beamhouse
wastewater (between 20% and 100%) were used with different light
intensities (between 80 and 200 mmol of photonsm2 s1). The best
removal results were obtained with 88.4% effluent, reaching the
maximum biomass concentration 0.90 g L1, maximum ammonia
nitrogen removal 85.63%, phosphorus 96.78% and COD 80.33%.
Others microalgaes have also been used to treat tannery
wastewater. Arthrospira was used in effluent generated in the
beamhouse stage to wet-blue (Dunn et al., 2013), Chlorella vulgaris
(Das et al., 2017) and microalgae consortium containing Chlorella
sp. and Phormidium sp. (Das et al., 2018) were used in the waste-
water of complete process.
Minimal researches are found in the literature regarding the
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microalgae. In the authors previous study, wastewater from the
finishing stage (raw wastewater, after primary and secondary
treatment) was treated with a microalgae consortium. In this study
it was noticed that there were removals close to P-PO4, NTK (Total
Kjeldahl Nitrogen), NeNH3, and COD among the compared waste-
water and a higher growth of microalgae in the raw wastewater
(Pena et al., 2019). In another study from authors, Pena et al. (2018)
used the microalgae Tetraselmis sp. isolated from a microalgae
consortium. It evaluated for their ability for the wastewater treat-
ment collected from the tannery of the leather finishing step and
the removals of NeNH3, TN, P-PO4, COD, BOD and TOC. The authors
found no other studies using the microalgae Tetraselmis sp. to treat
tannery wastewaters. A gap relies on the literature on the influence
of light period on the treatment of wastewater from the finishing
stage of leather processing usingmicroalgae consortium containing
mainly Tetraselmis sp..
Therefore, this research attempts to evaluate the growth of a
microalgae consortium containing mainly Tetraselmis sp. in
wastewater generated in the finishing stages (wet-end processing
and final finishing). As well as to verify the removal of total nitro-
gen, total organic carbon, total phosphorus, inorganic carbon,
ammonia, BOD and COD comparing different periods of light.
2. Material and methods
2.1. Microalgae selection and growth
Microalgae consortium was collected in a deactivated decanter
in awastewater treatment plant (WWTP) of complete tannery (that
processes leather from beamhouse stage to finishing) in the city of
Montenegro/RS. This microalgae consortium was chosen due to its
adaptation ability in the tannery effluent. The microalgae con-
sortium was grown in medium Tris-Acetate-Phosphate (TAP) con-
taining (mg/L): 2420.0 H2NC(CH2OH)3, 375.0 NH4Cl, 100.0 MgSO4 .
7H2O, 50.0 CaCl2 . 2H2O, 288.0 K2HPO4, 144.0 KH2PO4, 50.0
Na2EDTA . 2H2O, 22.0 ZnSO4 7H2O, 11.4 H3BO3, 5.0 MnCl2 . 4H2O, 5.0
FeSO4 . 7H2O, 1.6 CoCl2 . 6H2O, 1.6 CuSO4 . 5H2O, 1.1 (NH4)6MoO3,
and 1 mL CH3COOH (Gorman and Levine, 1965). Microalgae con-
sortium cultivations were carried out in photobioreactors (250 mL
Erlenmeyer flask) under continuous aeration at a flow rate of
1 L min1 of compressed air at ambient temperature under
continuous light (3910 lux) by white fluorescent lamps. In our
earlier study, the authors identified that the species that were
present in the largest amount in this microalgae consortium tested
was Tetraselmis sp. (Pena et al., 2018).
2.2. Effluent selection and compositions
The raw effluent (R) and the secondary effluent (S) from primary
physicochemical treatment (coagulation-flocculation-sedimenta-
tion) followed by secondary biological treatment (activated sludge-
sedimentation) were collected from a tannery that processes
leather fromwet-blue to finished leather, located in the city of Novo
Hamburgo (2942058.1"S 5106032.7"W), in the State of Rio Grande
do Sul, Brazil.
Two different compositions of mixtures were prepared:
50R50S: 2000 mL of the raw effluent, 2000 mL of secondary
effluent and 400 mL of the inoculum of microalgae consortium,
totaling 4400 mL;
75R25S: 3000 mL of the raw effluent, 1000 mL of secondary
effluent and 400 mL of the microalgae consortium inoculum,
totaling 4400 mL.
Microalgae consortium in its exponential growth phase (10 days
of cultivation with TAP medium) was used as inoculum for theexperiments with effluents. The leather industry effluent was not
treated before inoculation. The characterization in terms of pH,
phosphorus, ammonia, total nitrogen, chemical oxygen demand
(COD), and biological oxygen demand (BOD) inorganic carbon and
total organic carbon of wastewater generated in the tanneries that
process the leather from wet-blue to finished leather was per-
formed before starting each experiment.
2.3. Culture conditions
Microalgae consortium was cultivated in the different compo-
sitions mentioned above, in three conditions: (i) constant light (24-
light), (ii) 12 h of light and 12 h of darkness (12-light); and, (iii)
without light (0-light). Experiments were performed in acrylic
photobioreactors with a volume of 5L and 10 cm in diameter. A
stone diffuser, connected to an air compressor, was placed inside
the photobioreactors to perform air dispersion. The cultivations
were carried out under constant aerationwith a flow of 1 Lmin1 of
compressed air at ambient temperature. The experiments were
performed until some nutrient was removed entirely or until it’s 20
days of cultivation. The three conditions were performed in
duplicate.
2.4. Monitoring of the microalgae growth and removal of
contaminants
To monitoring the growth of the consortium, an initial scan was
performed on the spectrophotometer (T80þ UV/vis, PG In-
struments). The highest absorbance (Abs) was verified at 570 nm.
Therefore, in order to obtain the biomass concentration, first di-
lutions were performed (TAP culture microalgae consortium) in
10mL flasks to get absorbance values between 0.1 and 1.0. Then, the
optical density at 570 nm of the samples was measured. Finally, the
samples were filtered and dried to constant weight in the oven for
biomass concentration quantification (g L1) and correlation with
themeasured absorbance. A calibration curve (Abs x concentration)
was created (Ramirez et al., 2014). During the cultivation period,
optical density was analyzed to determine the growth of the
microalgae consortium. Samples were collected and filtered using a
vacuum pump and glass fiber microfilters (MN GF-3) with 0.6 mm
pores. The optical density of tannery wastewater was measured
and discounted from the values of the optical density found in the
cultivation because it is turbidity that will interfere with the
quantification of biomass.
Phosphorus determination was performed according to NBR
12772 (Apha, 2005) (Standard Methods for the Examination of
Water and Wastewater, 2005), ammonia (NeNH3) by ion chroma-
tography (Metrohm Ion Chromatograph Basic IC Plus METROHM,
20000).
Total nitrogen, inorganic carbon (IC), and total organic carbon
(TOC) determinations were performed on a Shimadzu TOC-L model
carbon analyzer equipped with a total nitrogen determination
accessory (TNM-L) and an autosampler (OCT-L). Oxidation of the
sample occurs through its catalytic combustion at 680 C and
detection is by non-dispersive infrared (NDIR). Synthetic air 4.7
(White Martins brand) at 150 mLmin1 was used as the carrier gas.
Biochemical oxygen demand (BOD5) measurements were per-
formed with a VELP Scientifica pressure sensor (BOD Sensor)
equipped with a stirring system (System 6). After mounting, the
vials were incubated at 20 C for 5 days. Chemical oxygen demand
(COD) was performed by the closed reflux colorimetric method
(Apha, 2005) where the organic and inorganic materials present in
the sample are oxidized by potassium dichromate oxidizing agent
(K2Cr2O7). COD is quantified by being linearly proportional to the
color change of the medium as chromium is reduced (Cr6þ to Cr3þ).
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the end of the experiments. The results are presented as
mean ± standard deviation. Statistical analysis was performed us-
ingMicrosoft Excel (2012 version). Statistical significance values for
the means were evaluated using one-way ANOVA (test-F of analysis
of variance). Differences were accepted as significant when p-value
was <0.05.
3. Results and discussion
3.1. Growth of microalgae consortium in tannery effluents by
different photoperiods
Biomass growth curves over the 19 days of 24-light, 12-light,
and 0-light cultivation for 50R50S and 75R25S compositions are
shown in Fig. 1. In Fig. 1A, the lag phase has been observed on the
1st and up to the 3rd day for 75R25S and 50R50S, respectively. Then
the exponential growth phase was observed until the 11th and 7th
(75R25S and 50R50S, respectively).The maximum biomass con-
centration of the microalgae consortium found in the 24-light
culture was 1.40 g L1 on day 11th, for 75R25S. For 50R50S, the
maximum concentration was 1.04 g L1 on the 7th day. After
reaching the maximum concentration, the microalgae culture
entered the decline phase, which indicates that there has already
been a reduction in the concentration of nutrients in the medium
and that more cells are dying than reproducing. The most signifi-
cant growth in 24-light culture was due to the longer time of light
incision in the culture when compared to 12-light and 0-light
culture. Higher biomass growth was also obtained by Bazdar et al.
(2018) when cultivating the microalgae Chlorella vulgaris in
municipal wastewater under continuous light compared to two
light/dark regimes (12h/12h and 16h/8h).
Both values (1.40 g L1 and 1.4 g L1) for maximum concentra-
tion of the microalgae consortium are higher than those found by
Fontoura et al., 02017 with beamhouse wastewater, where for
Scenedesmus sp. the maximal biomass concentration achieved was
0.90 g L1 in light intensity of 182.5 mmol photons m2 s1 (about
13500 lux, more than three times the light intensity used in this
study). The higher growth of the microalgae consortium in tannery
wastewater compared to the microalgae Scenedesmus sp. can be
explained by the previous adaptation of the microalgae consortium
in this type of effluent, as it was collected in a deactivated decanter
in a wastewater treatment unit of a complete tannery. Additionally,
the growth of the microalgae consortium was higher for 75R25S
medium. It was due to the higher proportion of raw effluent,
meaning that the initial nutrient concentrations are higher than in
50R50S.
From Fig. 1B, 2-light cultivation, it is possible to observe that the
50R50S effluent allowed more significant growth of microalgae
(maximal biomass concentration of 0.30 g L1) when compared to
75R25S (maximal biomass concentration of 0.14 g L1). The 75R25S
is a darker mixture due to its higher concentration of raw waste-
water. As the light was reduced to 12 h, the difficulty of performing
photosynthesis increased. Therefore, the higher concentration of
the effluent did not favor growth because it was counterbalanced
by the high turbidity hindering the penetration of light in the
medium. It is possible to see in this figure the oscillatory growth of
culture, indicating that the microalgae consortium is trying to
adapt to the tannery wastewater.
Among the three cultures, 0-light (Fig. 1C) presented the worst
performance, with lowest biomass concentration values in both
compositions: 0.038 g L1 for 50R50S and 0.033 g L1 for 75R25S.
Thus, as expected, it was verified that the reduction of the light
exposure time had a negative effect on the growth of the micro-
algae consortium. This condition presented high values of standarddeviation due to the low growth values presented.
Gladue and Maxey (1994) studied 121 strains of microalgae
containing several species and only 57 grew in heterotrophic cul-
ture, of which 44 were Tetraselmis, 6 Chlorella, 4 Nannochloropsis
and 3 Dunaliella. Most species grew in the presence of glucose, and
few algae grew under heterotrophic conditions with glycerol or
organic acids. Azma et al. (2011) obtained high performance on the
growth of the Tetraselmis suecica microalgae in heterotrophic
cultivation in an optimized culture medium (28.88 g L1 of cell at
6.19 g L1 glucose, 9.19 g L1 peptone, 5.99 g L1 yeast extract, and
3.01 g L1 meat extract). Supposedly, the tannery wastewaters used
in our work do not have all the necessary nutrients and in adequate
quantities for the growth of the consortium of microalgae without
light or does not have has strains that can develop without light.
Fig. 2 shows a microscopic image of the microalgae consortium
and the predominant microalgae (Tetraselmis sp.) before being
placed in tannery wastewater.
3.2. Nutrient removal
The initial and final concentrations (average of
duplicates ± standard deviations) of P-PO4, TN, NeNH3, COD, TOC,
IC, and BOD are shown in Table 2 for 24-light and 12-light. The
parameters analyzed for the 50R50S and 75R25S compositions,
under both conditions (24-light and 12-light cultures), showed a
significant reduction (p-value<0,05) during the cultivation.
Complete removal of the ammonia in 24-light could have been
favored by the increase of the pH during the culture. The initial pH
in the composition 50R50S was 7.98, and changed to 8.66 on the
final day. Likewise, to 75R25S, it changed from 8.07 to 9.06. The
assimilation of nitrogen by microalgae is in the form of nitrates,
nitrites and mainly ammonia. The increase of the pH during the
microalgae photosynthesis metabolism favors the more significant
presence of NH3 (free ammonia), because at pH close to 9.25
approximately half of the ammonia is in the form of free ammonia,
that quickly volatilizes, and the other half in the form of NH4þ
(Markou and Georgakakis, 2011). In 12-light culture, the pH also
increased for both for the composition 50R50S and 75R25S, from
7.60 for 8.47 and 7.81 for 8.62, respectively.
The decrease of TOC on 24-light and 12-light indicates that the
mixotrophic culture was established because there was the con-
sumption of organic carbon associated with the inorganic carbon
fixation (Patel et al., 2020). The organic carbon was reduced from
86.48 mg L1 to 46.21 mg L1 for 50R50S and 96.81 mg L1 to
63.30mg L1 for 75R25S in the 24-light. In the 12-light experiment,
the inorganic carbon reduction was from 80.71 mg L1 to
41.83 mg L1 under the condition of 50R50S and 87.84 mg L1 for
57.26 mg L1 under the condition of 75R25S.
In 12-light cultivation, there was a more significant reduction of
organic carbon for both 50R50S and 75R25S compositions, indi-
cating that the less light present in cultivation, the higher the
consumption of organic carbon, because of the lack of light disad-
vantages photosynthesis. The same was observed for the increase
of wastewater concentration as the more concentrated, the darker
the wastewater, and the higher the reduction of organic carbon.
Tetraselmis microalgae growth rates were slightly higher under
mixotrophic conditions compared to heterotrophic culture systems
(Day and Tsavalos, 1996).
It explains the higher growth in 24-light and 12-light when
compared to 0-light cultures, as mixotrophic cultivation achieves
higher biomass production in a short period than other growth
modes due to the simultaneous execution of the pentose phosphate
and photosynthesis pathways (Patel et al., 2019). The most sub-
stantial growth on 24-light experiments compared to 0-light shows
that these microalgae require light for organic carbon assimilation
Fig. 1. Average growth of the microalgae consortium in 24-light (A), 12-light (B) and 0-light (C) culture in tannery effluents in compositions 50R50S and 75R25S.
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Fig. 2. Optical microscopy of the (A) microalgae consortium (10x) and (B) predominant microalgae (40x).
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conditions.
Nitrogen and phosphorus are the other two main elements for
the growth of the microalgae. Its composition in the TAP medium
was 98.0 mg L1 for nitrogen and 15.98 mg L1 for phosphorus,
with a N:P ratio 6.13. It is observed that the P-PO4 was about 100%
depleted after the 19 days of cultivation, and this may have resulted
in the incomplete removal of nitrogen and other compounds in the
wastewater. For the microbiological processes towork effectively, it
needs to provide a right balance of essential nutrients to the mi-
croorganisms. The N:P initial ratio was above 57.0 for the 50R50S
compositions and above 33.0 for the 75R25Scompositions. Effluent
nitrogen composition values are well above those found in TAP
culture medium.
The 24-light culture showed significant differences between the
removals of the 50R50S and 75R25S compositions for all parame-
ters. The 75R25S composition presented higher removal values for
COD, TOC, and BOD. The 12- light culture showed differences be-
tween the removals of the 50R50S and 75R25S compositions for
phosphorus P-PO4 and COD. There was more significant removal of
P-PO4 (45.17%) in the 50R50S composition and higher COD removal
(37.50%) in the 75R25S composition.
The comparison of parameter removal in relation to theTable 2




pH 7.98 8.66 e
P-PO4 (ppm) 1.83 ± 0.05a 0.04 ± 0.01b 97.64A, ӿ
TN (ppm) 103.80 ± 0.31a 29.54 ± 3.84b 71.74A, ӿ
NeNH3 (ppm) 69.66 ± 2.45a 0.00 ± 0.00b 100.00A,
COD (ppm) 814.00 ± 28.28a 404.00 ± 28.28b 50.37A, ӿ
TOC (ppm) 87.18 ± 2.95a 69.72 ± 1.82b 20.02A, ӿ
IC (ppm) 86.48 ± 4.29a 46.22 ± 1.97b 46.65A, ӿ
BOD5 (ppm) 1130.00 ± 28.28a 940.00 ± 14.14b 16.81A, ӿ
75R25S
pH 8.07 9.06 e
P-PO4 (ppm) 3.41 ± 0.05a 0.15 ± 0.004b 95.54B, ӿ
TN (ppm) 148.22 ± 2.04a 61.01 ± 0.34b 58.84B, ӿ
NeNH3 (ppm) 82.74 ± 0.37a 0.00 ± 0.00 b 100.00B,
COD (ppm) 1120.00 ± 0.00a 485.00 ± 7.07b 56.70B, ӿ
TOC (ppm) 103.59 ± 4.96a 72.27 ± 4.24b 31.35B, ӿ
IC (ppm) 96.81 ± 2.33a 63.30 ± 4.96b 34.61A, ӿ
BOD5 (ppm) 1330.00 ± 28.28a 1055.00 ± 7.0b 20.68B, ӿ
Lowercase, numbers, ӿ and # indicate statistical differences between lines (50R50S and
Uppercase indicate statistical differences between columns (24-light and 12-light) (p <photoperiods can also be observed in Table 2.The removals were
statistically different (p-value < 0.05) for P-PO4, NeNH3, COD and
BOD5, between the 24-light and 12-light cultures in the 50R50S
composition, while TN and TOC had significantly the same re-
movals. Removals of P-PO4, NeNH3, and CODweremore substantial
in the 24-light culture.
In the 75R25S composition, the P-PO4, TN, NeNH3, and COD
showed a significant statistical difference for the 24-light (higher
removal) and 12-light (lower removal) cultures. This may have
occurred due to the ease of the microalgae consortium to perform
photosynthesis instead of consuming organic carbon, facilitating
the autotrophic growth in the 24-light cultivation, as it presents
higher light availability, promoting the consortium growth and,
therefore, more significant removal of the available nutrients.
Most species of microalgae are obligatory autotrophic, not
growing in the absence of light and carbon dioxide (Perez-Garcia
and Bashan, 2015). In this way, the cultivation with greater avail-
ability of light (24-light) presented better results, affirming the
results obtained in the growth of the cultures that were also bigger
in the composition 24-light.
In the 0-light culture, there was no significant reduction of the
parameters analyzed, for both effluents compositions (Table 3),
except for 75R25S, where ammonia, IC, and phosphorus weret and 12-light culture for the compositions 50R50S and 75R25S.
n (%) Initial Final Reduction (%)
12-light
7.60 8.47 e
1.74 ± 0.011 0.95 ± 0.012 45.17A, #
104.55 ± 4.691 48.84 ± 0.652 53.28A, ӿ
ӿ 71.25 ± 0.401 21.26 ± 2.142 70.16A,#
685.00 ± 7.071 455.00 ± 7.072 33.58A, #
93.79 ± 4.571 65.07 ± 4.952 30.62A, ӿ
80.71 ± 3.981 41.83 ± 1.582 48.17A, ӿ
1090.00 ± 28.281 820.00 ± 14.142 24.77A, ӿ
7.81 8.62 e
2.66 ± 0.061 2.01 ± 0.032 24.22B,#
117.36 ± 5.631 68.45 ± 1.222 41.68A,#
ӿ 77.21 ± 5.021 33.69 ± 3.222 56.37A,#
1120.00 ± 0.001 700.00 ± 14.142 37.50B,#
100.89 ± 1.311 67.45 ± 3.962 33.14A, ӿ
87.84 ± 1.781 57.26 ± 5.622 34.81A, ӿ
1270.00 ± 56.571 940.00 ± 14.142 25.98A, ӿ
75R25S) (p < 0.05).
0.05).
Table 3
Average of the initial and final concentrations of the parameters analyzed in the 0-light culture for the compositions 50R50S and 75R25S.
50R50S
Initial Final Reduction (%)
pH 7.68 8.31 e
P-PO4 (ppm) 1.49 ± 0.10a 1.08 ± 0.06a 27.71A
TN (ppm) 103.80 ± 0.31a 93.58 ± 3.43a 9.85A
NeNH3 (ppm) 74.44 ± 0.45a 72.66 ± 0.59a 2.39A
COD (ppm) 820.00 ± 14.14a 780.00 ± 0.00a 4.88A
TOC (ppm) 90.44 ± 1.41a 84.66 ± 3.54a 6.39A
IC (ppm) 77.61 ± 0.41a 68.31 ± 1.25b 11.99A
BOD5 (ppm) 1150.00 ± 45.43a 1080.00 ± 56.57a 6.09A
75R25S
Initial Final Reduction (%)
pH 7.96 8.63 e
P-PO4 (ppm) 3.66 ± 0.16a 2.58 ± 0.02b 29.55B
TN (ppm) 118.01 ± 2.68a 104.14 ± 3.90a 11.75A
NeNH3 (ppm) 76.37 ± 0.47a 73.08 ± 0.40b 4.31B
COD (ppm) 1110.00 ± 14.14a 1060.00 ± 42.43a 4.50A
TOC (ppm) 112.15 ± 0.87a 106.45 ± 5.52a 5.08A
IC (ppm) 83.01 ± 0.66a 70.23 ± 0.35b 15.40B
BOD5 (ppm) 1350.00 ± 14.14a 1320.00 ± 28.28a 2.22A
Lowercase indicate statistical differences between lines (p < 0.05).
Uppercase indicate statistical differences between columns (p < 0.05).
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been facilitated by the basic pH in this composition. This proves
that the microalgae consortiumwas unable to establish itself in the
tanning effluent without the presence of light.4. Conclusions
This work carried out the cultivation of a microalgae consortium
in tannerywastewater from the finishing stage in two compositions
(75R25S and 50R50S). The removal of total nitrogen, total organic
carbon, total phosphorus, inorganic carbon, ammonia, BOD, and
CODwere evaluated and cultivations in different light periods were
compared (24-light, 12-light and 0-light). Maximum growth was
achieved in the 24-light wastewater in the composition 75R25S
(1.40 g L1). The 24-light culture exhibits higher removals of
NeNH3 (100%), COD (56.70%), TOC (31.35%) and BOD5 (20.68%) in
the 75R25S composition when compared to the 50R25S composi-
tion. Also, it was demonstrated that 24-light cultivations favored
the removal of P-PO4 (95.54% and 97.64%), TN (58.84% and 71.74%),
NeNH3 (both 100%), and COD (56.70% and 56.70%), when compared
to the 12-light culture for 75R25S and 50R50S, respectively. In this
way, it is more appropriate to use the 75R25S composition in 24-
light for the treatment of the effluent, since it has a higher waste-
water load of nutrients for the microalgae consortium. It has not
been able to develop in cultivation without light, maybe due to the
lack of carbon in the quantities and the proper form so that they can
be converted into energy in order to supply the lack of light of the
heterotrophic medium. Therefore, the cultivation of the microalgae
consortium in wastewater without pretreatment has shown to be a
promising path for the wastewater treatment of the leather fin-
ishing step to remove nutrients and generate biomass. The biomass
generated can be exploited for different applications, such as bio-
diesel, biofuel, biogas and bio-hydrogen.
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